COMMUTATOR MOTOR 
BACKGROUND OF THE INVENTION 

The present invention relates to a commutator motor, 
and more particularly, to a commutator motor which is em- 
ployed for a power tool or the like and mainly driven by a 
battery, and is relatively large in size. 

As a motor employed for the power tool or the like, a 
commutator motor is known, and the commutator motor of this 
type is generally driven by a battery. 

Japanese Patent Application Publication No. Hei-11- 
136883 discloses a commutator motor which is relatively small 
in size. The commutator motor includes a housing, a stator, 
an armature, a brush and a commutator, and the stator in- 
cludes a cylindrical stator yoke which is substantially rec- 
tangular columnar in contour and a field magnet. The inner 
peripheral surface of the stator yoke is circular in a sec- 
tion vertically taken along an axial direction thereof, while 
an outer peripheral surface of the stator yoke has a rectan- 
gular cross-section. The rectangular outer surface portion 
has four corners, and a yoke section projecting radially out- 
wardly is provided at each corner. A field magnet is disposed 
between the neighboring two yoke sections. Therefore, there 
are four field magnets in total which are fixed to positions 
that are radially outside of the stator yoke and opposite to 
each other in the diameter direction of the stator yoke. The 



stator yoke is structured by stacking steel plates on each 
other, and the field magnet is formed of a permanent magnet. 
Four field magnetic poles are generated at the stator by the 
field magnet, and a magnetic field is developed by the four 
field magnetic poles. 

The brush is fixed to the housing through a brush re- 
taining device. The housing is substantially cylindrical and 
coaxially connected to the stator yoke in an immovable manner 
The brush retaining device is disposed on and protrudes ra- 
dially inwardly from an inner peripheral surface of the hous- 
ing, and the brush projects inwardly in the radial direction 
of the housing by the brush retaining device. The brush is 
electrically connected to a battery that constitutes a power 
source . 

The armature is disposed inside of the stator and in- 
cludes a shaft, a core and a coil. The shaft is disposed at 
the position of the axial center of the stator yoke so as to 
be rotatable with respect to the stator yoke. The core is 
fixed to the shaft and has a plurality of slots formed 
therein. A conductor wire is wound around the core while be- 
ing hooked by the slots, and the wounded conductor wire forms 
a coil. Also, the substantially columnar commutator is coaxi- 
ally fixed to the shaft at a position on the shaft opposing 
the brush, and the shaft is so structured as to rotate to- 
gether with the commutator and the core. The commutator is 



electrically connected to the coil and always comes in con- 
tact with the brush. An electrical current is supplied to the 
coil through the brush and the commutator so that a rota- 
tional torque is developed in the armature. 

In the conventional commutator motor described above, 
the stator yoke is structured by stacking the steel plates on 
each other. However, there is no disclosure of a method for 
coupling the adjacent steel plates to each other in the 
stacking direction. For example, it is conceivable that the 
adjacent steel plates are fixed to each other by caulking. 
However, because the conventional permanent magnet commutator 
motor is small in size, there- is a fear that the steel plates 
are deformed when concaves and convexes are formed on the 
steel plates for caulking, and it is actually impossible to 
fix the steel plates by caulking. Also, because the field 
magnet is disposed on the radially outer side of the stator 
yoke, the magnetic flux cannot be effectively utilized, which 
lowers performance of the motor. 

SUMMARY OF THE INVENTION 

Under the above circumstances, it is an object of the 
present invention to provide a commutator motor which can ef- 
fectively utilize the magnetic flux in which steel plates ad- 
jacent to each other in the stacking direction are fixed to 
each other by caulking so as to be coupled to each other to 
provide a stator yoke . 



This and other objects of the present invention will be 
attained by a commutator motor including an improved stator, 
and an armature. The stator includes a stator yoke and a 
field magnet. The stator yoke has a tubular shape and extends 
in its axial direction and has an inner peripheral surface. 
The field magnet is fixed to the inner peripheral surface of 
the stator yoke for providing a field magnetic pole in the 
stator. The armature is rotatably disposed within the stator. 
The stator yoke is constituted by a plurality of plate-like 
annular bodies having iron parts which are stacked on each 
other coaxially in the axial direction of the stator yoke. 
Alternatively, the stator yoke is constituted by a plurality 
of substantially identically configured iron plate-like arcu- 
ate bodies disposed at such position as to form a part of 
virtual annular bodies and which are stacked on each other 
coaxially in the axial direction of the stator yoke. The plu- 
rality of plate-like annular bodies or the plate-like arcuate 
bodies adjacent to each other in the stacked direction are 
fixedly connected to each other by caulking. 

In the commutator motor of the present invention, be- 
cause a field magnet is disposed on the inner peripheral sur- 
face of the stator yoke, the magnetic flux can be effectively 
utilized, to thereby provide a high-performance commutator 
motor. Also, because a plurality of annular bodies or arcuate 
bodies that are adjacent to each other in the stacking direc- 



tion are fixedly connected to each other by caulking, it is 
possible that the stator yoke can be readily manufactured by 
stacking the plurality of annular bodies on each other. 

Also, because a plurality of plate-like annular bodies 
or arcuate bodies are coaxially stacked in the axial direc- 
tion of the stator yoke to structure the stator yoke, the 
thickness of the annular body or arcuate body in the axial 
direction can be set to a minimum unit, and the number of 
stacked annular bodies or arcuate bodies is set to a desired 
number, thereby being capable of arbitrarily setting the 
length of the stator yoke in the axial direction. Since the 
number of stacked annular bodies or arcuate bodies can be 
automatically set in a pressing machine, the setting of the 
axial length can be easily changed without the necessity of 
replacing the machine even if the various stator yokes having 
axial lengths different from each other are to be manufac- 
tured. Accordingly, in manufacturing the stator yokes differ- 
ent in the axial length, the costs can be reduced. Also, be- 
cause the annular bodies or arcuate bodies are manufactured 
by the pressing machine, the configuration of the annular 
bodies or arcuate bodies can be made an arbitrary shape by 
changing the die of the pressing machine. For example, it is 
easy to partially dispose convex portions or the like on the 
inner peripheral surface of the annular bodies. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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In the drawings: 

Fig. 1 is a cross-sectional view showing an essential 
portion of a commutator motor according to a first embodiment 
of the present invention; 
5 Fig. 2 is a cross-sectional view taken along a line II- 

II of Fig. 1; 

Fig. 3 is a cross-sectional view showing a stator of 
the commutator motor according to the first embodiment of the 
present invention ; 
10 Fig. 4 is a side view showing an essential portion in a 

state where annular bodies are stacked on each other in a 
stator yoke of the commutator motor according to the first 
embodiment of the present invention; 

Fig. 5 is a cross-sectional view showing a stator of a 
15 commutator motor according to a second embodiment of the pre- 

sent invention ; 

Fig. 6 is a cross-sectional view showing a stator in a 
commutator motor according to a third embodiment of the pre- 
sent invention; 

20 Fig. 7 is a conceptual view showing a flow of a main 

magnetic flux and a flow of an armature reaction magnetic 
flux in the commutator motor according to the first embodi- 
ment of the present invention; 

Fig. 8 is a cross-sectional view showing a stator of a 

25 commutator motor according to a fourth embodiment of the pre- 
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sent invention; 

Fig. 9 is a cross-sectional view showing a stator of a 
commutator motor according to a modification to the first em- 
bodiment of the present invention; 

Fig. 10 is a cross-sectional view showing a stator of a 
commutator motor according to a first modification to the 
second embodiment of the present invention; 

Fig. 11 is a cross-sectional view showing a stator of a 
commutator motor according to a second modification to the 
second embodiment of the present invention; 

Fig. 12 is a cross-sectional view showing a stator of a 
commutator motor according to a third modification to the 
second embodiment of the present invention; 

Fig. 13 is a cross-sectional view showing a stator of a 
commutator motor according to a fourth modification to the 
second embodiment of the present invention; 

Fig. 14 is a cross-sectional view showing a stator of a 
commutator motor according to a fifth modification to the 
second embodiment of the present invention; 

Fig. 15 is a cross-sectional view showing a stator of a 
commutator motor according to a sixth modification to the 
second embodiment of the present invention; and 

Fig. 16 is a cross-sectional view showing a stator of a 
commutator motor according to a modification to the fourth 
embodiment of the present invention. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



A commutator motor 1 according to a first embodiment of 
the present invention will be described with reference to 
Figs. 1 to 4 . The commutator motor 1 includes a housing 1A, a 
stator 10, an armature 20, a brush 13 and a commutator 2 4 as 
shown in Fig. 1. The housing 1A is substantially cylindrical, 
and a part of the inner periphery of the housing 1A is fitted 
with an outer peripheral surface of a stator yoke 11 de- 
scribed later. The stator 10 includes the stator yoke 11 and 
two field magnets 12. The stator yoke 11 is substantially cy- 
lindrical. The thickness of the stator yoke 11 in the radial 
direction is in a range of from about 3 mm to 10 mm. The 
outer diameter of the stator yoke 11 coincides with the inner 
diameter of the housing 1A and the outer peripheral surface 
of the stator yoke 11 is fixed to a part of the inner periph- 
eral surface of the housing 1A. 

Each of the two field magnets 12 is formed of a perma- 
nent magnet, and obtained by bending the rectangular plate- 
like permanent magnet into arcuate shape. The arcuate surface 
of the field magnet 12 coincides with the arc of the inner 
peripheral surface of the stator yoke 11, and the two field 
magnets 12 are fixed to parts of the inner peripheral surface 
of the stator yoke 11 at positions opposite to each other in 
the diameter direction of the stator yoke 11 by an adhesive, 
respectively. Accordingly, when viewed in cross-section of 
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the housing 1A in the radial direction, as shown in Fig. 2, 
the field magnet 12, the stator yoke 11 and the housing 1A 
are arranged in the stated order from the interior of the 
housing 1A toward the exterior thereof in the radial direc- 
5 tion. Two field magnetic poles are generated in the stator 10 

by the two field magnets 12, and a magnetic field is gener- 
ated by the two field magnetic poles. 

A brush holder 13A for retaining the two brushes 13 is 
disposed at a portion of the inner peripheral surface of the 

10 housing 1A where the stator yoke 11 is not disposed. The 

brush 13 is contained and retained within the brush holder 
13A fixed on the inner peripheral surface of the housing 1A 
and projects inwardly in the radial direction of the stator 
yoke 11 in a state where the brush 13 is urged by a spring 

15 (not shown) which is disposed within the brush holder 13A. 

The brush 13 is electrically connected to a battery (not 
shown) which constitutes a power source via a lead wire (not 
shown) . One end 11A of the housing 1A forms a cap portion 11B 
that covers the one end 11A, and the other end of the housing 

20 1A (not shown) is equipped with a fixing portion 16 that 

fixes a bearing 15 for rotatably supporting a shaft 21 that 
will be described later. 

The armature 20 is disposed inside of the stator 10. 
The armature 20 includes the shaft 21, a core 22 and a coil 

25 23. One end 21A of the shaft 21 is supported by a bearing 14 
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disposed in the cap portion 11B, and the other end of the 
shaft 21 is supported by the bearing 15 disposed in the fix- 
ing portion 16. The rotation axis of the shaft 21 is coincide 
with the axial center of the stator yoke 11. The core 22 is 
fixed to a part of the shaft 21, and a plurality of slots 
(not shown) are f ormed in the core 22 . A conductor wire is 
wound around the core 22 so as to be hooked by the slots (not 
shown), and the wounded conductor wire forms the coil 23. The 
coil 23 faces the field magnet 12 of the stator 10. 

The substantially columnar commutator 24 is coaxially 
fitted to the shaft 21 at a portion close to one end 21A of 
the shaft 21, and the commutator 24 is rotatable together 
with the shaft 21 and the core 22. The commutator 24 is 
electrically connected to the coil 23. Also, the commutator 
24 is so positioned in contact with the brush 13. Electrical 
current is supplied to the coil 23 from the battery (not 
shown) through the brush 13 and the commutator 2 4 so as to 
generate a rotational torque in the armature 20. Also, a 
cooling fan 17 is fitted to the shaft 21, and the cooling fan 
17 is so structured as to rotate together with the shaft 21 
to cool the armature 20. 

Next, the stator yoke 11 will be described in more de- 
tail. The stator yoke 11 is structured by annular bodies 11C 
as shown in Fig. 3. The annular bodies 11C are made of iron 
and disposed in plural numbers, and as shown in Fig. 4, the 



annular bodies 11C are coaxially stacked on each other in the 
axial direction of the stator yoke 11. The annular bodies 11C 
are manufactured by punching a plate-like iron plate by an 
iron-plate press die. For that reason, the annular bodies 11C 
has a small thickness in the axial direction of the stator 
yoke 11. The order in which the annular bodies 11C are 
stacked corresponds to the progressive press. 

Four caulking portions 11D are disposed at positions 
between the outer periphery and the inner periphery of the 
annular bodies 11C, respectively, and the respective two 
caulking portions 11D are disposed along the peripheral di- 
rection at positions corresponding to the fixing position to 
which two field magnets are fixed, respectively, after the 
annular bodies 11C are stacked on each other. The respective 
two caulking portions 11D have a rotationally symmetric posi- 
tional relationship about the axial center of the stator yoke 
11, respectively, and the positions at which the caulking 
portions 11D are disposed are in the vicinity of the center 
position of the field magnetic pole in the stator 10. 

Regarding neighboring two annular bodies, one annular 
body has a first contact face casing a second contact face of 
the other annular body, and the caulking portions 11D at the 
first contactface of one annualr body form convex portions. 
On the other hand, caulking portions 11D at the second con- 
tact face of the other annular body form concave portions 



fittable with the convex portions. Therefore, in the plural- 
ity of annular bodies 11C that are coaxially stacked on each 
other in the axial direction of the stator yoke 11, the 
convex portions of the caulking portions 11D of one annular 
body 11C is fitted into the concave portions of the caulking 
portions 11D of the other annular body 11C that is adjacent 
to the one annular body 11C, respectively, to thereby perform 
caulking fixing. After the annular bodies 11C are stacked on 
each other and then fixed by caulking to manufacture a cylin- 
drical stator yoke 11, the field magnet 12 is fixed onto the 
inner peripheral surface of the stator yoke 11 by an adhesive. 

Because the annular bodies 11C are fixed by caulking 
through the caulking portions 11D, it is possible that the 
plurality of annular bodies 11C are readily stacked on each 
other to manufacture the stator yoke 11. Also, because the 
field magnet 12 is fixed onto the inner peripheral surface of 
the substantially cylindrical stator yoke 11, the loss of a 
magnetic force can be reduced so that a high-performance com- 
mutator motor 1 can be provided. Also, since the width of the 
respective annular bodies in the radial direction is 3 mm to 
10 mm, which is relatively large, the caulking portions can 
be readily provided by press machining. 

Also, because the stator yoke 11 is formed by stacking 
the plate-like annular bodies 11C, the thickness of the annu- 
lar body 11C in the axial direction can be the minimum unit 



length. When the number of stacked annular bodies 11C is set 
to a desired number, the length of the stator yoke 11 in the 
axial direction can be arbitrarily set. Also, since the num- 
ber of stacked annular bodies 11C can be automatically set in 
a press machine, it is possible that the setting of the axial 
length can be readily changed without the necessity of re- 
placing the machine even if various stator yokes 11 having 
the axial lengths different from each other are to be manu- 
factured. Accordingly, cost reduction can be achieved in 
manufacturing various stator yokes 11 having axial lengths 
different from each other. 

A commutator motor according to a second embodiment of 
the present invention will next be described with reference 
to Fig. 5. The commutator motor according to the second em- 
bodiment is different from the commutator motor 1 according 
to the first embodiment only in that the field magnet 12 is 
retained on the inner peripheral surface of the stator yoke 
11 not by an adhesive but by convex portions 3 IE protruding 
radially inwardly from the inner peripheral surface of the 
stator yoke 11 . 

As shown in Fig. 5, the annular body 31C that consti- 
tutes a part of the stator yoke 31 which retains the field 
magnets 12 on the inner peripheral surface thereof is 
equipped with two pairs of convex portions 31E, i.e., four in 
total, for retaining the two field magnets 12. The convex 



portions 31E are disposed at positions of the end portions of 
the field magnets 12, which are retained on the inner periph- 
eral surface of the stator yoke 31, respectively, in the pe- 
ripheral direction of the stator yoke 31. The convex portions 
5 31E project inwardly in the radial direction of the stator 

yoke 31, and the thickness of the stator yoke 31 in the ra- 
dial direction at the portions where the convex portions 31E 
are disposed becomes larger than that of remaining portions. 
A distance between the respective pairs of convex portions 

10 31E in the peripheral direction of the stator yoke 31 is 

slightly smaller than the length of the field magnet 12 in 
the same direction, and one of the field magnets 12 is press- 
inserted between one pair of convex portions 31E so as to be 
held between the pair of convex portions 31E. Similarly, the 

15 other field magnet 12 is press-inserted between the other 

pair of convex portions 31E so as to be held between the 
other pair of convex portions 3 IE. Therefore, no adhesive is 
required for fixing the field magnets 12 on the inner periph- 
eral surface of the stator yoke 31. 

20 The convex portions 3 IE are not attached to the manu- 

factured annular bodies later, but are manufactured inte- 
grally with the annular body by the press machine. The convex 
portions 31E are linearly arrayed in the axial direction of 
the stator yoke 3 on the inner peripheral surface thereof. 

25 Because the field magnet 12 can be retained by the con- 
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vex portions 31E disposed on the annular body 31C, it is un- 
necessary to conduct positioning of the field magnet 12 in 
mounting the field magnets 12 on the inner peripheral surface 
of the stator yoke 31. Also, because the field magnet 12 is 
5 retained on the inner peripheral surface of the stator yoke 

31 by holding the field magnet 12 between a pair of convex 
portions 31E, the field magnet 12 can be fixed on the inner 
peripheral surface of the stator yoke 31 without using an 
adhesive. In the case of using the adhesive, there is 

10 required a jig for holding the field magnet 12 in press 

contact with the stator yoke 31 while the adhesive is applied 
and dried. Also, a time is consumed for drying the adhesive, 
and the manufacturing costs are increased. However, because 
the adhesive is not used in this embodiment, the 

15 manufacturing costs can be reduced. 

Incidentally, in the conventional commutator motor, the 
stator yoke is manufactured by bending machining, and when 
the thickness of the stator yoke in the radial direction is 3 
mm or less in this case, the yoke portion of the stator yoke 

20 is notched and bent, thereby being capable of providing the 

convex portions on the inner peripheral surface of the stator 
yoke. However, in this case, since the notched portion be- 
comes a cavity, so that the yoke portion of the stator yoke 
does not effectively serve as a magnetic path, a main mag- 

25 netic flux generated by the field magnet is reduced, and the 
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efficiency of the commutator motor is lowered. Alternatively, 
an external force is exerted on the yoke portion of the sta- 
tor yoke from the outer periphery to plastically deform the 
stator yoke so that a projection can be provided on the inner 
5 surface. However, since the yoke portion of the deformed sta- 

tor yoke is reduced in thickness in the radial direction of 
the stator yoke due to a tension or a compression applied 
during formation thereof by the bending machining, the main 
magnetic flux will also be reduced. 

10 On the contrary, in the second embodiment, no gap is 

generated, and also, because the thickness of the stator yoke 
31 in the radial direction becomes larger because of the pro- 
vision of the convex portions 31E, the efficiency of the com- 
mutator motor can be prevented from being lowered without 

15 causing a reduction in the main magnetic flux. 

Next, a commutator motor according to a third embodi- 
ment of the present invention will be described with refer- 
ence to Fig. 6. The commutator motor according to the third 
embodiment is different from the commutator motor 1 according 

20 to the first embodiment only in that the grooves 41a directed 

to the axial direction of the stator yoke 41 are formed on 
the inner peripheral surface of the stator yoke 41. 

As shown in Fig. 6, concave portions 41b are defined on 
the inner peripheral surface of the annular body 41C that 

25 constitutes a part of the stator yoke 41 that retains the 
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field magnet 12 on the inner peripheral surface. Each of the 
concave portions 41b has a U-shape. In a state where the an- 
nular bodies 41C are stacked and the field magnet 12 are 
fixed onto the inner peripheral surface of the stator yoke 41, 
a hollow groove 41a directed to the axial direction of the 
stator yoke 41 is formed. When viewed in a cross-section of 
the stator yoke 41 in the radial direction, each of the con- 
cave portions 41b is positioned in the substantially center 
of the field magnetic pole generated in the stator 40 by two 
field magnets 12 . 

As a recent demand, the thickness of the stator yoke in 
the radial direction is increased as described above. However, 
as the thickness becomes larger, the magnetic resistance of 
the stator yoke become smaller, and in the commutator motor 1 
according to the first embodiment, as shown in Fig. 7, an ar- 
mature reaction magnetic flux B is liable to flow, which is 
generated due to the armature magnetomotive force developed 
by allowing a current to flow in the coil of the armature 20, 
when the commutator motor is driven. Since the armature reac- 
tion magnetic flux B impedes a flow of the main magnetic flux 
A developed by the field magnet 12 and induces the reduction 
of the rotational torque of the armature 20, the efficiency 
of the commutator motor is lowered. As shown in Fig. 7, be- 
cause the flow of the main magnetic flux A is divided into 
the right and left sides of Fig. 7 through the core of the 



armature 20 and the stator yoke 11 of the stator 10 and be- 
comes minimum in the vicinity of the center position of the 
field magnetic pole of the stator 10, the main magnetic flux 
A is not reduced even if the grooves 41a are formed as in the 
third embodiment so that the sectional area of the stator 
yoke 41 at the substantially center position of the field 
magnetic pole is reduced. In the third embodiment, by forming 
the grooves 41a at the substantially center position of the 
field magnetic pole, the sectional area of the field magnetic 
path at the same position of the stator yoke 41 can be re- 
duced so that the magnetic resistance in the magnetic path 
along which the conventional armature reaction magnetic flux 
B flows as shown in Fig. 7 can be increased, an influence of 
the armature reaction magnetic flux can be lessened, and the 
main magnetic flux is made to effectively contribute to the 
torque, thereby being capable of improving the efficiency of 
the commutator motor. 

Next, a commutator motor according to a fourth embodi- 
ment of the present invention will be described with refer- 
ence to Fig. 8. The commutator motor according to the fourth 
embodiment is different from the commutator motor according 
to the second embodiment only in that the grooves 41a di- 
rected to the axial direction of the stator yoke 51 are 
formed on the inner peripheral surface of the stator yoke 51. 
Accordingly, the commutator motor according to the fourth em- 
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bodiment is so structured as to provide all of the features 
of the commutator motors according to the first to third 
embodiments. The configuration, the position and the number 
of the concave portions 41b of the annular body 51C that 
5 constitutes the groove 41a are identical with the con- 

figuration, the position and the number of the concave 
portions 41b of the commutator motor 1 according to the third 
embodiment. Also, the configuration, the position and the 
number of the convex portions 31E disposed on the annular 

10 portion 51C are identical with the configuration, the 

position and the number of the convex portions 31E of the 
commutator motor according to the second embodiment. 

Since the cross-sectional area of the field magnetic 
path at the substantially center position of the field mag- 

15 netic pole can be reduced by forming the grooves 41a, the 

magnetic resistance in the magnetic path along which the ar- 
mature reaction magnetic flux flows can be increased and an 
influence of the armature reaction magnetic flux can be less- 
ened, whereupon the main magnetic flux can be made to effec- 

20 tively contribute to the torque, thereby being capable of im- 

proving the efficiency of the commutator motor. 

Further, because the field magnet 12 is retained by the 
convex portions 31E, it is unnecessary to conduct positioning 
of the magnet in mounting the field magnets 12 on the inner 

25 peripheral surface of the stator yoke 51. Also, because the 
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field magnet 12 is retained on the inner peripheral surface 
of the stator yoke 51 by holding the field magnet 12 between 
a pair of convex portions 31E, it is unnecessary to fix the 
field magnet 12 on the inner peripheral surface of the stator 
5 yoke 51 by using an adhesive. Conseguently , the manufacturing 

costs can be reduced. Also, because the thickness of the sta- 
tor yoke 51 in the radial direction becomes larger because of 
the provision of the convex portions 31E, the efficiency of 
the commutator motor can be prevented from being lowered 

10 without causing a reduction in the main magnetic flux. 

The commutator motor according to the present invention 
is not limited to the above-mentioned emobodiments , but vari- 
ous modifications are conceivable. For example, in the commu- 
tator motor according to the first embodiment, the cross- 

15 section of the stator yoke 11 in the radial direction is cir- 

cular in both of the outer periphery and the inner periphery 
thereof. Alternatively, as shown in Fig. 9, the outer periph- 
eral positions that correspond to positions at which the 
field magnets 12 are fixed may be linear portions 11F that 

20 are linearly notched. 

Also, in the commutator motor according to the second 
embodiment, two pairs of convex portions 3 IE radially in- 
wardly protrude at positions corresponding to the end por- 
tions of the field magnets 12 that are retained on the inner 

25 peripheral surface of the stator yoke 31, respectively in the 
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peripheral direction of the stator yoke 31. However, instead 
of the four convex portions 31E, it is possible that parts of 
the stator yoke where the field magnet 12 is not disposed on 
the inner peripheral surface thereof are made larger in 
5 thickness in the radial direction to be two convex portions 

61E with which two field magnets 12 are retained as shown in 
Fig. 10. 

Also, the stator yoke 31 is circular in the outer pe- 
riphery when viewed in cross-section in the radial direction. 

10 However, as shown in Fig. 11, the outer peripheral positions 

corresponding to positions at which the field magnets 12 are 
fixed may be linear portions 31F that are linearly notched. 

Also, when viewed in cross-section in the radial direc- 
tion of the stator yoke 31, as shown in Fig. 12, in order to 

15 increase the magnetic path area of the stator yoke in the vi- 

cinity of both ends of the field magnet 12, that is, in the 
vicinity of the magnetic poles, it is possible that portions 
31H on the outer peripheral surface of the stator yoke are 
configured by eccentric curves while providing linear por- 

20 tions between opposing convex portions 3 IE, 3 IE. In this ex- 

ample, each of the caulking portions 11D may be disposed at 
the linear portions to which the field magnet 12 is not fixed 
Alternatively, it is possible that the inner periphery 
is concentric and the outer periphery is not concentric. The 

25 outer periphery is, for example, an eccentric curve as shown 
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in Fig. 13. In this case, each of the caulking portions 11D 
may be disposed at a position between the outer periphery and 
the inner periphery of a portion which is a part of the annu- 
lar body and at which the field magnet 12 is not fixed. 

Also, as shown in Fig. 14, an inner peripheral surface 
of the stator yoke is almost circular except a linear region 
at which the field magnet 12 is not disposed. Even in the 
cases of the configurations shown in Figs. 12 to 14, two 
field magnets 12 are retained on the inner peripheral surface 
of the stator yoke by two pairs of convex portions 31E, i.e., 
four in total, as in the second embodiment. 

Also, as shown in Fig. 15, concave/convex portions 311 
are disposed at the outer periphery of the stator yoke. The 
position of the concave/convex portions 311 correspond to the 
center of the field magnet 12. The convex/concave portions 
(not shown) engageable with the concave/convex portions 311 
are disposed on the housing, and the concave/convex portions 
311 of the stator yoke are engaged with the convex/concave 
portions of the housing so as to fixedly position the stator 
yoke to the housing. 

Also, a distance in the peripheral direction between 
the respective pairs of convex portions 31E of the annular 
body is slight smaller than the length of the field magnet 12 
in the same direction. However, the distance may be slightly 
larger. In the latter case, after the field magnet 12 is in- 



serted between the convex portions 31E, the convex portions 
31E are mechanically plastically deformed in a direction that 
approaches the field magnetic pole to retain the field magnet 
12 between the convex portions 31E. 

Also, two pairs of convex portions 31E are disposed for 
one annular body 31C that constitutes a part of the stator 
yoke 31 for retaining the field magnet 12 on the inner pe- 
ripheral surface thereof. Alternatively, two pairs of convex 
portions 31E may not be disposed for one annular body. For 
example, it is possible that a pair of convex portions for 
retaining one of two field magnets 12 are disposed in a first 
annular body and a third annular body, respectively, and a 
pair of convex portions for retaining the other field magnet 
12 are disposed in a second annular body and a fourth annular 
body, respectively. Also, it is possible that only one convex 
portions is disposed on the first annular body, and only one 

convex portions is disposed on the fourth annular body to 
form a pair of convex portions for retaining one field magnet 
12. 

As one preferred modification to the embodiment shown 
in Fig. 15, instead of two concave/convex portions 311, only 
one concave/convex portion is provided at the outer periph- 
eral surface of the stator yoke, and grooves corresponding to 
the grooves 41a as shown in Figs. 6 and 8 are formed on the 
inner peripheral surface of the stator yoke. 



Also, in the commutator motor according to the third 
embodiment, the concave portion 41b is formed with a configu- 
ration that is notched in a substantially U-shape toward the 
exterior of the annular body 41C. However, the shape is not 
limited to this configuration. For example, the concave por- 
tion 41b may have a triangular shape or a substantially semi- 
circular shape . 

Also, the grooves 41a are hollow in the above embodi- 
ments. However, the stacked annular bodies 41C may be fixedly 
adhered to each other by filling an adhesive into the hollow 
space. The filling of the adhesive is conducted in such a 
manner that after the annular bodies 41C are stacked on each 
other and the field magnet 12 is fixed on the inner 
peripheral surface of the stator yoke 41, a tube for filling 
the adhesive is inserted into one open end of the groove 41a, 
and the adhesive is injected into the groove 41a. A large 
vibration may be structurally applied to the commutator motor 
portion depending on the kind of a power tool. In this case, 
when the adhesive is filled in the groove 41a, and the re- 
spective annular bodies 41C are adhered to each other, the 
respective annular bodies that are fixed by caulking and 
stacked on each other at the caulking portion 11D can be pre- 
vented from being detached from each other. The filling of 
the adhesive may also be conducted in the fourth embodiment. 

Also, in the commutator motor according to the fourth 



embodiment, the grooves 41a are formed. However, as shown in 
Fig. 16, the grooves 41a may be replaced by non-magnetic bod- 
ies 51J. That is, when viewed in cross-section in the radial 
direction of the stator yoke, a substantially center portion 
5 of the stator yoke at a position where the field magnet 12 is 

fixed may be formed by the non-magnetic body 51J. In this 
case, the stator yoke is not structured by stacking the annu- 
lar bodies on each other, but structured in such a manner 
that a plurality of iron plate-like bodies each of which 

10 formed in two substantially semi-circular and substantially 

the same configuration which form a part of virtual annular 
bodies are stacked on each other, and bar-like non-magnetic 
bodies 51J that extend in the axial direction of the stator 
yoke are connected between end portions of the stacked plate- 

15 like bodies, and the stator yoke becomes annular in a cross- 

section taken along a face perpendicular to the radial direc- 
tion of the stator yoke. Also, it is possible that each of 
the annular bodies is made up of two substantially semi- 
circular iron plate-like bodies that form a part of the annu- 

20 lar body and two substantially arc-shaped plate-like non- 

magnetic bodies that connect both ends of the two substan- 
tially semi-circular portions, respectively, and the annular 
bodies are stacked on each other to structure the stator yoke. 
Also, in all of the above-mentioned embodiments, the 

25 caulking portion 11D is structured in such a manner that one 
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surface side of the plate-like annular body is completely 
convex portions and the other surface side is completely con- 
cave portions. Alternatively, the convex portions and the 
concave portions may be mixed together on one surface side or 
5 the other surface side. 

The housing and the stator yoke are structured as sepa- 
rate components in the above-mentioned embodiments, however, 
the stator yoke may serve as the housing. 

The stator yoke can have rectangular or polygonal outer 

10 configuration. With this structure, the sectional area of the 

yoke portion becomes large, thereby making it difficult to 
have the permanent magnet magnetically saturated. 

Further, the battery is used as the power source in the 
above-mentioned embodiments. However, other type of power 

15 source is available. 

The foregoing description of the preferred embodiments 
of the invention has been presented for purposes of illustra- 
tion and description. It is not intended to be exhaustive or 
to limit the invention to the precise form disclosed, and 

20 modifications and variations are possible in light of the 

above teachings or may be acquired from practice of the in- 
vention. The embodiments were chosen and described in order 
to explain the principles of the invention and its practical 
application to enable one skilled in the art to utilize the 

25 invention in various embodiments and with various modifica- 
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tions as are suited to the particular use contemplated. It is 
intended that the scope of the invention be defined by the 
claims appended hereto, and their equivalents. 
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